ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

VB AESIEH R AL £
g & M B R




3% f"& ﬁ‘ § F38 K Ho

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 20174 9 H 15 H

H &

P [ T S BN ZE RS HEIRAL - oeerervmmreeemmmmmmmeeeeeinne e FAGE, IR, B EE, N, E£(3553)
BTN G s == et/ B s i 113 =1 R R R RS IELLLLILE El B %, £ % % Oscar Fajardo Montana, % 38 3 , #f % 91 (3561 )
AR ST AT BRI A SR SR A S AR AR e FANE, Rk, K, F05E, TR, RAHK(3569)
RATIRL) B Wik v e 43 a8 1) 3 AT R AR 5 AR KUK PP +oeeeeemmeeeeemmmeeeeeeeees ke, ik AR, KE(3575)
2014 4 6 ARG SR EATEYLII - eeeeeeerermmmmmmmiiii e WEE Bk, THE, KRS, WA, %hITH(3585)

M ARREI R LN T RS TS YL TV B A SR L I A3 AEHRAE e eerrrmmmmreremmn ettt
................................................................................. Eélfﬁ,%ﬂﬁ%,%%, B 7{}—’ Eﬂﬁﬂ?ﬁ,?%ﬁ,?ﬁ?—‘%(3594)
JOE ) B DN k55 G ) R RR AL S IR B J5 T wveveeeeeeeeeens ERW, X FE A, B S, A, 2 ERE(3605)
A M T AR P R HE T B AR AE SR AT <o veeemveeeemeemmeeieesieie KT, &5, EAR, U ok, B A (3610)
TR AN R R R i KT RSB AR KU DAY o vveeemeeeeeemeeeeeneees Ko, milmd , EHER, K#EAMA(3620)
B4 B AN B SR T SE U AN A8 4 CDPF ORI AL PERE R REIR -evvveveeeeeeeen R GR A, AP UR R K B A 1T (3628)
ARE AR EGURRY) h G B A 340 | RIS LK UE PP +oeeeeeeeeneeeens X EEAE, EIE I, ESR, EEA(3635)
FET MERIS SR M BEEWIM- 5 R o WBEI 28 A0 0 #T oo X FEa g, BE AR, E O R RN, T HE (3645)
IR T/ N K B 4 2 ()RR S e AR AT - Bk R B R R, ERR L ERE, RRE, 2% (3657)
B A 2 A BOK R FIGUR DA R B R PARRAE oo eeeeeemeeenmeeeeneees R, FTEA, ZR5 AT, 28 (3666)
AR I V5 X 5 7 0 SR SRR oo HRAN,ER, 7,85, 7%, FH, MR (3673)
IS TR E AR Be ke 3 AT RAAE M FAC SRR o vvvveeemrmemmmeeeeeiieeeeen I, RAHE, 8 e % KAKR, 4 (3682)
TR KA B X 35 KA ZE 3 B IR SO BRI oo vemmmme e e e bt AW FTEAE KTEJEEE(3689)
At B TR 5 i 5 S P AR DX TR K K T ERAE «vvvvvvererenmmeneee T, EHeA, T /N, Z8(3696)
BIHK VAT BUPIALIR . O B 45 T JRAFAE oo BB R, AL Bk, B KBRS, B L (3705)
RIS (B kg v R G S/ -2 B (1H=9F 1 B/ SRR RRLELE FRA, TEA, AP, FEH D BRMAK(3713)
IO TFRA G LE SIS SR FK FRBE SN «-oeeeeeeeremmemnemeeees AN KT T, BB, K, R, B (3721)
RS T N B AR P S AR CRFAE <o XA W, Y RAE FED kM, x4 HEAA, 24K (3731)
T P A BT X AT L 8 5Bk B H BE R P R oo eveemeeemmeme e W, B, T, K, W F(3738)
A7 RIS LA A 45 B B R PB2 BUBERE -vvvvvereeee oo R, ERAE, Ak HAK(3747)
LA IEE A BDD HUBEHL AL AU BET SHLA] - ovvoeeseesenssenssnissencins Wk, TR B, B, HE(3755)
ﬁ%ﬁﬁ‘f}’fh%ﬁ’f{ﬁ%%iﬁiﬁ%?-[‘f{ E"J*}Lfﬁ” ............................................. JE %/ig( , ﬁ*ﬁj} , AT , R &4 , fﬁff‘i%( 3762)
SUE KPP EV AL AR AL AL BREIYLIE IR ceevreeneermmmmmneeeemmi e BH, EEW, T/ ¥, H#8, x4 E(3769)
HT ABR-MBR A5 TZA[FHEK C/N HX R ALBRBETEREAISE AL <o ooeeeveee M, REH M, MR R E, BR(3781)
I S UKL T YA LA TE e ) im VBRI A A SR g <o BEFE RCK, AT A UBRR,KEF, EIME(3787)
BN ok B T2 AT BTG TS VR A BB «oevreevreeermmmmmeeemmmmnn e T A ®F R XH(3793)
TRATT PR LR A E IR A PP IR LG ARFAE 3T vvvveeeeermemmmreee e Ly, 25 R HER, KE, K& (3801)

ﬁiﬂﬁ;{)ﬁfiﬁﬁ{h%ﬂ(ﬁ}’ﬁl}%ﬁﬁgﬁ&ﬁ’{iﬁzwﬁi/é{ﬁgi%u[’,ﬂ@ﬁ.}*ﬁ ...............................................................
................................................... X EH, ZHD A Y, R BT — X, B R, EE(3807)
U A A B ) DR 1 75 TRV B R ZEREME AT wevvvvemneermmmmmm e e et ettt T A7 (3816)
A5 7K A 30 2R 55 A2 R B A 0 BB R B ) S v KAT, 05 B BHIE, LA R R4 (3823)
HE RS CH, | N, O HEBLIOBEIE - oeveverereeeeeseeisecs ER, B, EAD M, T8, KM, A (3831)
TLVU AR M - SR SR 2 VIS SRR SR R R e T AR, 0B I, I B, B4, TR A, T B, 214 (3840)
BRI ES 5 = Wy R R R AL St - SRR R AR T OS2 -+ sk (8, M AR, Alfred Oduor Odindo, B AIZT, (TH ¥, Bl (3851)
B A R DX/ NG [ B MRS A IO e T 0 IR 22 oo BRI, A RAITR, BRE, T3, 4 % (3860)
A BB X 22 005 SR TE LRI T 5% B ST ARG MRS v vveeeeemmmmmemnesenniiieeeeeees FEE, KA, 7 ##, &M (3871)

W5 XA 5] MBI - A 7S Cd S T L S S ELI R T - eeeeeereemmmmmmnmnii ettt
................................................................................. xR UHHE, S, R, BRI, F(3882)
vt IR 4 15 e LAV B AP BRI ST oeeeeeeeene FRCHR,ERE, TR FIR, %A, K, L4 (3888)

H ol R 2R R I 4 o S TE Y 3 K PR ARG AL SE ST - evevvrmnreeermmnmn ettt ettt
............................................................... =t %BH’ %;}%’E%%, Iﬁ%é,?ié,?ﬁ?ﬁ,ﬁ:ﬁﬁ,%ﬁf¥$g(3897)

Ve 0T 1 HE 55350 PAHSs 75 QA5 AE B HAHEE KUK ITAS ++vveeerrvreeermmmmeemmmneee sttt
........................................................................... ﬁ:@%ﬁ, %%}%,gégﬁ%,iﬁéjp’gﬁ%’ %%&%é,’ﬁb%ﬁ;%(?)907)
B A5 T AM LR TR KRG, SOOI - eeeeoeeeeo WE WM ER, TR G, R, F R (3915)
T FF I FH X /KRR AR AR B2 B I A B 3 AT IR - ovevveeeeeeemmeeeeeees B2 £, AU, £, B A, NI, K48 (3927)
Pantoea sp. IMH A5 IR RIBEHITEAREAL «+oovveeeerneresssie et Ak, P4 4H(3937)
P IR B T ER 4 B S I B WL P oo T, EE, FT AL (3944)
W A=W DAY AE B X Cr (VD) B BERE s R BEAIL AR oeeeeememeeeeenees VAR, B, R B, B, T4 (3953)
B TS TR AN B BRI EI SEVE T evevveveermreeeeeeeeemmmmmmei e TR, EE, 2 AW, %5 (3962)
VEURHE M IR AR BRI HRL - evevvvmmreermmmmmmeeemmmmn et et AR ELE AT N, AE R, HEE(3970)
A1 AR A AR - AL B 2R S TS B R S HO G AR TRTTERE --oveeeveereermmeeeeeees BN MU B PR E(3979)

(CABTRE ) fiERE TR0 (3859 ) (FREERETT B 2 (3952) f58.(3644, 3688, 3768)



Vol.38,No.9

55 38 £ 9 1 £ 1% : s
20 0 e i .S Sep. ,2017

ENVIRONMENTAL SCIENCE

B LR RIAFIE R E X Cr( VI) B IR Bt 45 = FA AR Bt
Pl

%Eﬁ”ﬁ%ﬁ“ﬁﬁliﬁﬁliuﬁliﬁl

(1. PENEFE R IMERL S TR, B S 2661005 2. i EIGHRFGEFEIE S5ABBE W HEALRE  ILREEHEAE
W TR IR EE ,H S 266100)

FE . e &5 205 AL A ASHIF ST SR NS S A B AR N R T il 8 W 5 A e, JE X LB Ak M R F AT RATE. 451
W] ,400°C B, WFE 2R E IR AR EE. WFE AW 3 SOR 4 & B 5 PVIEIR S B UG B 2 5 PURIRLEE 2 ARG K
RMBIE IR, LR 44.54 ~317.82 m* - ™', R & A F & M EH (—OH) FIR %L (—COOH ) 455 &UH fig Al.
M RFF S 86 B WF S AR e X Cr (VD) BT BT & 1 2% 3 1 2 5 B2 A1 Langmuir 55 75 W2 BHAR Y. R BH W& A= 9 e Xt Ce( V) 1Y
W2 B kg B 53T SR A2 MR B, 32 B A2 P S I s R s ol W AR R TR B Cr( VD) 3R 38 pH 2R 2, MR 25 f2 3 34 BC400 >
BC700 > BC600 > BC500 > BC300, H: AT BC400 MWLl 4. 79 mg-g~". WFE A=y % Cr( VD) B9 W B ML A0 4% R o 5
HCrO, Al Cr,02" %FE 72 [ p & /e, LR AE Y R F£ i —OH F1—COOH 4554 B Re 1 M4 A 1EH.

KEIR W E; AV WM Cr(VD) 5 AL

FESEE. X131 CTHEFRIRG. A XEHES. 0250-3301(2017)09-3953-09 DOI; 10. 13227/j. hjkx. 201701041 ‘ = =

Characteristics of Enteromorpha prolifera Blochars and Their Adsonption

Performance and Mechanisms for Cr( VI) “

CHEN You—yuan #, HUI Hong-xia' )} LU Shuang WANG Bao-ying' | WANG Zhi-jie), _WANG Nan"" 4
(1. College of Env1r0nmental Science and Englheenn Qqean University of China/, ang'dao 26'}6100 " China; 2. Key Laboratory of
Matige Env1r0nmemal Science and Fcology, Ministry .of" Educatlon Shandong Provrnual Key Laboratory of Marine Environment and‘
Geological Engmeenng, Ocean University of Chinay Qingdat’ 266100 China) f‘ | a g

Abstract ; This|study aims to understand jthe, recychn "iproce@@ of Enteromorpha pr'olifera by using the slow pyrolysis teehnol;')';;y to
prepage bigchars under different temperatures and by Lhdracterlzmg the physicochemical properties of bigchars. The results showed that
a relatlvely high level pyrqlysis of Enteromorpha proliféra could be, “reached when the temperature was up to 400°C. The yield rate and
the agh gcontent of biochars were negatively correlated withzthe pyrolyels temperature, while the carbon content was positively correlated.

The specific surface area of Enteromorpha prolifera biochars was in the range of 44. 54-317. 82 m” -g~'. The biochar surface was in the
shape of'a honeycomb and rich in oxygen-containing functional groups, such as hydroxyl (—OH) and carboxyl (—COOH) groups.
The adsorption experiments revealed that the adsorption of Cr( VI) onto Enteromorpha prolifera biochars followed the pseudo-second-
order kinetics equation and Langmuir isotherm, indicating that the adsorption process was controlled by the fast reaction process and
governed by monomolecular and chemical adsorption. The optimal pH for Cr( VI) adsorption onto Enteromorpha prolifera biochars was
2 and their adsorption capabilities were in the order of BC400 > BC700 > BC600 > BC500 > BC300 (the adsorption capacity of BC400
was 4.79 mg+g™'). The adsorption mechanism included the electrostatic interactions between biochar and anions ( HCrO, and
Cr,027) and the complexation of oxygen-containing functional groups.

Key words : Enteromorpha prolifera; biochar; adsorption; Cr( VI) ; mechanism
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Fig. 1 TG curves of Enteromorpha prolifera powder
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Table 1 Physicochemical properties of Enteromorpha prolifera biochars

. ERWR CRAI % T
g R% pH A /m? g Wi/ % C H 0 N 0/C  (0+N)/C  H/C
BC300  56.06 7.87 44. 54 39.28 47.71 4. 60 45.36 2.33 0.95 1.00 0.0l
BC400  48.30 8.97  152.57 46.70 55.73 3.07 39. 09 211 0.70 0.74 0.06
BCS00  45.21 9.27  161.59 52. 14 57.09 2.73 38.09 2.09 0.67 0.70 0.05
BC600  42.64  10.59  265.90 56.70 58.20 2.05 37.90 1. 86 0.65 0.68 0. 04
BC700  40.79  11.34  317.82 61. 44 59. 11 1.79 37.54 1.56 0.64 0.66 _.~0.03
: : FT T
2.1.3 HWh RSy 5 AEEMH%WmﬂwI% m&H mﬁN
HFE LR W B IR G- ek B PRI 1 T8 11 528 EI R R HﬁOE? Wﬁi?ﬁ'ﬁ%
Wk N, AN 1 TR IR BT T R L4 ﬁ@w ﬁ¢%€%%%%”w @%%@@ﬁ

SYAERATR 3ok B b MR ST DR B T A R P
mmmmf%ﬁiﬁLﬁlm%;Emwoﬁp%
Pﬁé%%ﬁﬁmmm%ﬂimmwig ﬁmﬁ
iﬁMTwswu%Fmﬁ T Ey e
11:65%:., 8./ 75% fi] 8. 36% Tﬂrﬁatﬁ%Wﬁﬁ%f

SRR 0 © 815, T BRI AT
E%“Mﬁmﬁ B AP A B

B A T AR ST P R RS R R 5K 4y
(57%«493%)“@
2.1.4 AWk pH

WE APy pH (H R 7.87 ~ 11. 34, 2%
H:if BC600 F1 BC700 () pH {H = i5 10.59 F0
11,34 R TSR AGBRIE. X5 HAE K B KoK H
SRR AR ) AR A A e Y SR B 4 R — T
H%ﬂ%i%ﬁ%ﬁ@i%%ﬁ%%ﬂ%%m&
A3 XN RGN R B AR G pH (5 HOK A
Z AT 2 RAF RS AR OC 1 DA A i hOR 4
%%ﬁ@i%ﬁ%ﬁﬁ%%%ﬁﬂ.mﬁﬂ%%ﬁ
AR 1) e T M A R A W e S e ) R
[zo]‘
2.1.5 AEWRICEAM

WFEEY e C & bl T R i i, 1, O
AN B i Bl I B = TR, AR 1 s, Y A
TR 300°C THE 2 700°C B, AW ke R € TR

E%hf?ﬁ&ﬁﬁgvﬁkwm?m o X R
%k%“ﬁﬁ@ﬁﬂ@%ftﬁ HETES 5%1
I%Twwwiﬁm@ﬁFﬂn%%/f#Té”
BERT Pk

ﬁ?mm@%r$%ﬁﬁﬁ$h%wﬁtm
TR R AT R AR R HC L
e AR IR P ) P v T AR, 2 W HC O 7 e i A e U
JERTHERE . O/C HR R AW Al KN, B
(R PR, e 1 Wal |, 0/C FLBE I T)
15 T 400 PRI, 2 I A W e A e ek 32 T i T A
X E TR IR R R R A R L
2.1.6 AEYH L FRHRA

WFE A1 1 1 L 2 T AR A A T 114 T o T
K, ANFR 1 PR, FRUTBEIR R 0 T e, Brokk i 24
f AR BE R, FLBR G ¥ R s I, A6 T L A5 F
TR Hr g R, $ IR B 300°C Tt R £
400°C B, W A= LU R TR TN T 242, 55% 5 1M
TR Ak 8 i 400°C T 2 700°C B, B 3 i AL 8 in
T 108.31% . XAEH T 400°C A4 S Bk 245
1o TR A AR ST HR LR R RN, S A
HOPHTEE IR —3. AW & LR W) e 1 L 3R TET R
R TANERA YIRS (4.8 ~40.4 m*-g 7).
2.1.7 EYHOREER

A HRBE (SEM) AT LLRAEAE 9 o 1) SHOUR 2544



3956 AN 5%

B 38 %

WFE By SEM BN E 2 firzs. M) 1A
Yy 3% T A A s R 2 LA . B 2 BOR
400°C I AE e 10 AL R 2 4 HEZ LN, 300°C I 2B
Py FLBRAN 3K |, W] RESE: FH T IR 1 AIC, 2B

BC300

BC300

| & 2 WEEMS SEM - !,
Flg 2 SEM 1m,agés Q_LE‘nteromoq)ha prolzfem bwchdrs . T ‘__. 47 i
i g 4 Y |

22 @a%ﬂ%”ﬁﬂn(‘ﬂ)ﬁ uFEﬁE@’Q%ﬁf
FTIRE%ﬁé%ﬁéE%ﬁ#IEW'&W?‘H@@%’
nma&%&m %WwFi%ﬁﬁm%ﬁ%

l@ﬁn@fs J7 R EL3 (a) AT, Fﬁ%ﬁ%’r/ﬁf%
= 3388 e %E’J?%(—OH)@%%@JW@EE@?”

5%%%(M%I%%%EﬁMﬂmﬁﬂ*

300°CTH,2 923 em ™' %2 860 em ™' &b CH, ke Je i 45
PR S WY dnb | (F 22 3 3 S v T Okt 0 5 W O
MR K F 400°C 1, 670 ~ 860 cm ™' H LR |
=CH T4, 156 W1 Bl A i RLEE 9 ooy, 2B e v

HHIFLEE R L T4 YRR T 400°C i,
A U5 B 2o v Bl A 0 i A AL 2 ) ) T B o,
2 HPIIEZEI S, K 2 Fh BC500, BC600 £ BC700
F I S AL IR EER 2 B SR BE ).

n —~ Y \ € B
.-"‘ i

| =
ﬁﬁé%%ﬁﬁ%@%ﬂmﬁ@mﬁaﬁﬁmp
H5H/C u;vwm HALAR ) A EE???@HSA‘FZIE
ARG *ﬁ‘ﬂﬁmfﬁxmﬂ?mﬁ BTSRRI
I R KR A G 25 M 7 A 5
IR, NS 58 T A= il R e v

W B Cr( VL) Ji5 25 9 o 3% 1 E fg A A2 b an &l 3
(b) Fii7R. 3388 em ™' Ab—OH{H4E Ik shid s 55 , FLIA)
ZElmA% 23 406 em ™' Ak ;1 149 em ™' Ab Y 2E—OH fif
AR, UL —OH W HES 5 R ;1 602 em ™' bR
FRARC =0 FEIR 55 , I 47 W2 21 593 em ' 4L,

‘(\J)Kﬂ’_/\"\//w‘

BC600

T
673 !

: i
1699,
3388 13??] 1y 611

! 1 1 1 602 L 1

(b)

. BCT00 | , '
1 N

1
: . o
| ! | o
! | I ‘i

BC600

T
661!

i ' ¥
3 406 |59'3 1149 ©03

L Il Il L 1 L L

4000 3500 3000 2500 2000 1500 1000 @ 500
¥ /em™

4000 3500 3000 2500 2000 1500 1000 500

e ¥/em™!

3 RMECr( V1) BT B MR AN E
Fig. 3 FTIR spectra of Enteromorpha prolifera biochars before and after adsorption of Cr( VI)



9 1

WRACIE A 7 A D AR R B X Cor (VD) FRO R R4 5 95 BRI 7

3957

VLR IE AT BES 5 T ROV, X 7 MR & A 0 o W%
Cr( VD) 1 = 2L vT 58 A8 T A= 9 sk 3 ii—OH
F—COOH %55 AU H gl
2.3 BT Cr( VI AW B AR
2.3.1 WFEAEYRITCe( V) BN I 3 F1 2%

W B 2 g 2% 32 T AR AR W e 6 Cr (VD) T
B R g R ARSI R AR 3 Fhsh J12 07
TSt A R W B e ( V) 14 W R 28 7 2 5 2 A
A

WE—2 8 J12 77 2 ( PF-order) .

Q, = Q.(1-¢") (2)
2 5) 715 )7 7 (PS-order) :
k, Qi
0 = 1+ k0. (3)
WORL N B (IPD)
Q, = k" +b (4)

A, Q. 1 Q, AR B Cr (VL) 114 I8 B 2 1 ¢
B2 Ce( VD) B9 W B & (mgeg™" ), kb (h™) | &,

PF-order . PS-order 11 IPD %) 2 & %%
W B 3 1 2% 00 A il 2 DL T 4, A R 481 S 00
F2. G5 ER,TE 120 h B R Cr( V) B He
572 h TR EZER(P=0.01) , RIIKHTE 72 h i
CAIRBTA. A Az ) e X Cr( VD) 1 W% ot 3 7
24 h BFAE] 72 h 19 95% L) b, R, ASHFST I 5E HF
ELEW AT Cr (V) B8 W B s [] Sy 24 h.

HEZ G5 )15 07 B PG B A5 AH ¢ R BRI 1
(R* 40.9975 ~0.999 5) , fit 5 4 b 4 ik A 9 i %of
Cr( VD) g B b R, X 3 BHE & 2B W e % Cr (VD)
V1R PR 6 B 2230 2 R R, B0 R B 75 3 T T i T
— MR R Y BA, W O S R
JITAS A 1 [ 25 it 55 5250 {E ( BC300 ~ BC700 43 5]
$93.32, 4.64.3.63, 3.86 F14.33 mg-g~ ") Ml —
. SR TR WA 12 h N 75% LA ERICe( VT
CLBE M e MR T , 2 A 9 3 Xk Cr (V) FE) R T 3
VR PR I3 7 BB 0 3 B e
SR B, B ) Bt Cr( VL) RO Y R a2 ek

4

[g+(mg-h) "]l ky [ mg-(g-min"**) "' ] 5% N SN By Bt 42 il \ iy 4 |
i Y
51 (@ . ® . . . ST (b) sl
PP TR IS
_ 4 >~ vyYy v A4 y | 4 . L
o A A A x & A o e 4
& . m ® u [ u o %
S 3 S 3r S5t
= BC300 ® BC400 4 BC500 = BC300 ® BC400 & BC500 ® BC300 ® BC400 4 BC500
2t ¥ BC600 4 BC700 2l ¥ BC600 + BC700 ,L® ¥ BC6O + BC700
- — g Sy AR il —— e A ) A RO Al ] —— PR Al 2
0 50 100 0 100 0 50 100
th i/ th
B4 FEEWIRST Cr( V1) R30I 5 h &
Fig. 4 Cr(VI) adsorption kinetics data onto Enteromorpha prolifera biochars
F2 BEEWRIICr( V) BRI BN F A HE
Table 2 Kinetic parameters of Cr( VI) adsorption by Enteromorpha prolifera hiochars
B2 3 )2 ORI L
ERb k k
/3 Q. 1 by /b R Q. 2 2 b | 3 R
/mg-g” /mg-g™' /g-(mg-h) ~! /mg-g /mg- (g-min~*7) 7!
BC300 3.28+0.06 0.54+0.06 0.8902 3.48+0.01 0.25+0.00 0.9995 2.40+0.19 0.13 £0.03 0.5354
BC400 4.67+0.10 0.34+0.04 0.9191 4.99+0.01 0.11+0.00 0.9993 2.94 +0.31 0.23 £0.05 0.596 9
BC500 3.58+£0.06 0.58+0.06 0.9086 3.79+0.01 0.25+0.00 0.9975 2.68 +0.21 0.13 £0.04 0.494 3
BC600 3.80+0.05 0.92+0.09 0.8617 3.95+0.01 0.42+0.00 0.9986 3.18 +0.16 0.09 £0.03 0.4551
BC700 4.26 £0.06 0.78 +0.08 0.8715 4.46+0.01 0.30+0.00 0.9993 3.43+0.20 0.12 £0. 04 0.476 9

2.3.2  WFEAEYHRTCr( VL) BB AR 2

MR o 5 itk £ 2 7 W B - A I A A I R Y
Cr( VD)W S Wh Cr( VD) W Z R 6 &, it
W B 5256 P B FH Langmuir A1 Freundlich PR 45 iR
W AR A (5) L (6) FiR'™. Langmuir £

BEAARB R - 43 B - B OO & AE 78 1 o 2 T Y
BRI B, 2 BT BT 5 W B BT 2 ) A AR EAE .
PR o 2 THT W B B 2 34 20 Y. Freundlich 45 58
AN Ry W B2 K A A S Jor P 2 T ) 22 T2 WO R, e o
BV B BB JCEREE .



B 38 %

3958 BN %
Langmuir AR .
. Q.p.
Qe - KI, +pe <5)
Freundlich FE7Y .
Q. = Kip: (6)

Kt p, AP (mg-L7") , 0, A1 Q,, 735 4F
rECr( VL) B4 2 B o R e R B 3t (mg-g '), K
(mg-L™") Fl K, [ (mg-g™") + (mg-L™") " ] 535l
Langmuir #11 Freundlich TR ZH

Cr( VI) WA # M 10 ~ 100 mg-L~" i, #
Langmuir 1 Freundlich B B 4515 77 B %5 Cr( VI) A9 5E5
ARG R X SE K 5 3R 3 . HER3
A A1, Langmuir Al Freundlich W [ 55 5 5 F2 X 52 56
B U A B9 A 5 2R 80390 90,997 9 ~ 0.999 9 A

5_(‘1}

0.730 ~0. 821 5, [H It Langmuir W fif %5 96 J7 15 fig
TG i A A R X6 Cr (VI A9 08 B A5 TR R (R >
0.9999,P <0.01) , Z W& AW X Cr( V)
B ST ARLBAL 43 S M B

A st Ce (VL) 19 12 B 5t I HG 0] 4 e B 1
BTG K, e 5 FrR. X 3 W vk B AR R R
B & A A Bl 0, W R R R R R T R B [
530 0] A/, B e W B Y B OR, AR W ok Xt
Cr( VD) (W B 228 i 4 K, e 4 TR, X2
PR Ry — 2 B 1) 2 R ) 4 AR 1 4 f T RRUR 9 P 5L
SR E I, TEV G 5 B WAL R A T
25 EARAS, Cr( VL) 5 L fh o) i 8 W 6. ol o Ak
JE 380, 25 4% 0 W BRE A 0S EL e  TE o R, IR
Ak % ¥ s 0 A A

T?'-' T?u

= =1

E E

S 2 S 2

1 F ® BC300 e BC400 A& BC500 1 F ! ®m BC300 e BC400 A BCS500
v BC600 ¢ BCT700 v BC600 & BCT00
ol LangmuirBE 84 £ ih 4 ole —— Freundlich B8 1l 5 dh 28
0 20 40 60 80 100 0 20 40 60 80 100
pimg-L! plmg-L7!
r 9 a : y ¥ ;
(o UV ‘ | E5 WEEwRICr( V) HRMERE
il ] ' Fig. 5 Cr( M) adsnr‘lﬁ‘ﬁon"réét_}lqunﬁ{omo Enteromorpha prolifera biochars
F3 HEEWRICr( V) HKMERENSHIE
Table 3 Isotherm equation parameters of Cr( VI) adsorption by Enteromorpha prolifera biochars
Langmuir 1571 Freundlich 5%
R 0. 0. K, - K, o
n
/mg-g”! /mg-g~! /L-mg”! /(mg-g™') - (mg-L7") "

BC300 3.32 3.40 =0.00 0.02 +0. 00 0.9999 1.10 0. 21 0.26 +0. 05 0.7882
BC400 4. 64 5.00 =0.02 0.02 +0. 00 0.9987 1.78 0. 34 0.24 +0.05 0.7458
BC500 3.63 3.93+0.03 0.04 +0. 00 0.9979 1.36 +0.21 0.24 +0. 04 0.8215
BC600 3.86 4.08 +£0.01 0.02 +0. 00 0.999 4 1.30 +0.24 0.26 0. 05 0.8010
BC700 4.33 4.55 +0.01 0.02 +0. 00 0.999 1 1.69 0. 32 0.23 +0.05 0.7303

2.3.3 AW pH XFCr( VI) WY 5

VSV pH 25 T W R o AR Y FR B R, H
S A W) e 29 T L g R 52 1) A 9 e Xof Cr (VL) 114 T
B s AR RAEASTR] pH R X Cr( V) A B &5
R 6 Fin. 5R KM, BEE R pH T, B
BXFCr( VL) (AR B S T o i 3 B R AIR , i J AR
TREEARAE. 24 pH =2 B, A=W 19 W B o 5k 31 0
K. Cr( VD)X pH AOMRISAR KRR B IR T3 v

Cr( V) W% & M A= W) o 32 10 L . ANTR) pH R
Cr(VD) WA TETE S AR, 2 pH < 6 B, W
Cr(VI) E# L) Cr,03" , HCrO, f£7E; 124 pH >6
BFEZLL GO fA7E. AF pH THF &AWy
Zeta HLALUNE 7 s, NrRoa] g0, W E AW
pHpZ(jil 2.8~3.4. Y pH < pH,,. s, AW ok 3 1 Kk
A AR IE L FEE RS I ER TN & Cr Bl F
1S 1E HL 8 A 0 e 38 TR B8, DA T34 o 17 A= 4 e %



9 1

WRACIE A 7 A D AR R B X Cor (VD) FRO R R4 5 95 BRI 7

3959

Cr( VD) (WZRRE. 4 pH > pH | IS, A= 9 e 3 16 % A= 5
JRFAL T G, 55 Cr BB 7 R A R 1, A
T R AR A 0 6 Cr (VD) BB e 4b, 24 pH >
pH,, B BV & 1R OH - £ 5 Ce (VD) B 7
T G A W) D S AT 14 W R AL, AT 1 — 2B A 2
pextCr( VI BBt

is —=— BC300
- —e— BC400
—&— BC500
40 —w— BC600
B —4—BC700
w35}
=]
E
Sl
25
20 1 I 1 L I L
0 2 4 6 8 10 12

pH
6 pH XTEWIRWMCr( VI) K00
Fig. 6 Effect of pH on Cr( VI) adsorption by )

Enteromorpha prolifera biochars

2.4 EMIBIICe(VD) IR - -
R Cr (VDY 2L H,Cr0, (G, 077 | HCrO7~
A C,r(')iu’ =3 ﬂ:/?j.} . o 7 ﬁ%ﬁﬂ’:_
Cr( V) % Q{;;H(':_I,Q; i [ﬁmg@,}g Gf}o_%]_
A H{CHO, ™5 ML P 17 72 Kk [ g7
Wt OM I—COOH 1 AR UL IR 1L ok

i

-

5 IR B0—OH, FI—COOH; F AEMIIX S E fERY

5 HGO AV G, 03 S s 51 SRS
F LR B R IR (1 HCrO; I Cr, 027 4
FAES 15 4 W% # 1H—OH F1—COOH 45 & %UH fiE
A iF — 20 & A 2 4% A RN, B R E Ak G
Pyt sk 5 3l 1 S0 5 4 SR T BT Ak 2 0
AHENUE. F AT UL, A= e 6 3 4 Ja Ce 10 W2 BRFIL
Ao ER L MRS FE R S G EM. X5
FAz W) Je v BC400 11 W B it fe e, E R
BC400 H A4 BC300 &, HH & 2UE fE
B BC500, BC600 Al BC700 #) 2, A Ik XF
Cr( VD) By 51 ) Mk & R #R B, FTLL fE 2
PR ALE AR BC400 B W% B 5 oAt 2R
A R T A 4 B AR W sk T, BCS00
BC600 F1 BC700 &% E REM & Ik, (A H: Lt ki
FRAERTE T, R L A B B ot = S bt 7, % A 222
PE-A BC700 > BC600 > BC500, 5 M i ALK /N TF
FSE; X BC300, B AR H R & #UHE BE A & 5
Z AR LR BRI, 5 BT g 1 i BRI

15
(a) BC300
10
= 5
E PHpz=2.8
= e
&
g -5
N
-10 \l\-
=15 .\._.___-
=20
0 2 4 6 8 10
15
\ (b) BC400
10
= 5
£ pHpc=2.8
ool T
2
£ -5
~
=10 ~—
—
=15 .\._._‘_.
=20
0 2 4 6 8 10
(c) BC500
-
g =2.9
S 0P A
g}
]
N
.\"‘I
—
-15 .\.x.

(d) BC600

pHpze= 3.0

ZetaHifif/mV
=

ZetaHifif/mV

pH
B7 7F[E pH THEEWIRE Zeta BAL
Fig. 7 Zeta potential of Enteromorpha prolifera

biochars at different solution pH values
3 g

(1) F e al RUAT R0 A o A= o, DT ok 38 1
FrAE P IR T IR A B B R T AR S IR



3960 A 38 &
400°C. Ké’f% ﬁEEM I‘{:E ﬁ%{k%ﬁﬁﬁ%, Z:Eﬁ of trivalent and hexavalent chromium on biochar derived from
Ly 20 e 2R 2 L2 *”LJ L N , LAY ;;lzmclpal sludge[ J]. Bioresource Technology, 2015, 190 ; 388-
FEAE AU HERT, AT A 58 T U ) O [11]  GB/T 12496.7-1999 AJF{f #9077k pH EHAME[S].
7“'*,1» [12] MaY, Liu W], Zhang N, et al. Polyethylenimine modified biochar

(2 ) W 2";?—‘ e %jj—éﬁlé ﬁJZ % I’g/% 7]( 'MK ':F‘ B/‘J Cr ( VI ) ) adsorbent for hexavalent chromium removal from the aqueous solution
RN N o [J]. Bioresource Technology, 2014, 169 . 403-408.

XECr( V) HOUEHEP-BENTI N 24 b, WHEEBAT & 1) g i s s e 51

T HE 1B Langmuir 45 TR AR Y Eﬂﬁ%ﬁﬁﬁi‘i FE[0). HREEREE SR 2014, 20(4) ; 319-322.

Vs =] ﬁélmgﬁﬁjﬁ?ﬁ;ﬂ Eﬁiﬁ%}:‘ﬂ:'ﬁﬁwgﬁ Yang D, Chen Q W. TG-DTG analysis and kinetics of typical

N Yo vpe ~ biomass in northern China[ J]. Journal of Combustion Science

%ﬁXd‘Cr( VI) E,:J WWﬂ*}@E*ﬁ{F{ﬁ & pH, M VI}A/_J‘ and Technology, 2014, 20(4) . 319-322.

,fq:Eﬁ ;FIJ:J:CI‘( VI ) E/‘J [&I}f‘_‘l‘ [14] Keiluweit M, Nico P S, Johnson M G, et al. Dynamic molecular

(3 ) W %Hﬁ%ﬁXﬂ‘Cr( VI) E"J%Wi%%ﬁi%ﬁ structure of plant biomass-derived black carbon ( biochar) [J].

l—? HCI‘O4_ %l] Cr2 03 - %/E\ Cr m%%zl‘m%%,ﬁzﬁﬁ , Fzrl;;l‘onmental Science & Technology, 2010, 44 (4). 1247-

U&éﬁi%ﬁ%@ﬁ—OH ﬂEH_COOH %/ﬁéﬁ‘ﬁﬁgméﬁ [15] Zhang W H, Mao S Y, Chen H, et al. Pb( Il ) and Cr( VI)

%'ﬁzﬂq E(J:H:IEJEEE'F sorption by biochars pyrolyzed from the municipal wastewater

§§:ﬁj— ‘U‘Lﬁj‘qj [E !:{E'éj( ;F/l, I:J‘I*El'ﬂl» sludge under different heating conditions [ J ]. Bioresource
IR 5 N Technology, 2013, 147, 545-552.

7J(j:‘{G%]j\*ﬁ%gﬁéﬁimXd‘ﬁ(ﬁﬁ%gﬁﬁ*fﬁ{/\ [16] Ahmad I\f[;y Rajapaksha A U, Lim J E, et gl ~Blocharua€ a

ﬁgﬂj} ! sorbent for .contaminant management in soil and w_a,té'; areview

22k [J]. Chemosphere, 2014} 99: 19-33. T

[1] Zhang M T, Yang C H, Zhao M, et al. Immobilizationspotential [17] #ik. 7J({$iﬂ“§3%ﬁﬁ&*aMiiﬁ*ﬂﬁﬁm&&ﬁm;&m
of Cr( VI) in sodium hydroxide activated ilag pastes[ JJ Journal F[D]. ﬁﬂ] dﬁﬂ:jﬁ%ﬁ 2013. l'
of Hazardous Matenals 2017, 321. 281 089, Yang M/ Stablhty 6f rice straw-derived biochar and its me("hapr‘sm

[2] LoSF, Wang 5 Y [Tsai M J, et al. Adsorpnon capamty and in Pd(}dy soil[D]. Hamngzhou Zhejiang University , 201._3
“removal efflcrency of hedvy metal ions by Moso and Ma £ boo [18] ZEs. Z‘K/:E*leng #’J?J%E’J-ﬁﬁﬁﬁ CAGSEE -4 I‘E&XT -
aclivated Carbons [@J 1. Chemical Engmeer. ‘Bé’s't;axﬂl and Cu( H)ﬂ‘J”ﬁW}d{}J‘[d‘] JJ/— R, 2014, -

" Deésign, 20}2 90(9) 1397-1406. T ! i Li M. ‘A?—bdse pr()psrty, alkali and alkaline__earth meta]_h(

[ 3] | Owlad M Arouq_M K, Daud W A W q} al Re oval of speuea leaching and Cu II')" sorption by aquallc plant- depved

“" hexavalent chromlum contaminated water ,and wdgtewdber a bioc hdr[ DJ Shfméyhdl Shanghai Uanf‘“ltYy 2014. r
7 rev1¢w[J:| Wdter A1r and Soil Pollution, 2009, 200(1 4) [ 19] FEI R AW p K AR R LIPS Pl R A i [ FE [ D]
" 1s9-17y | @ / p i = E%m"%: Fr VRS, 2014,

[ 4 ] Tnpglthl M, d Sdhu J N, Ganesan P. Effect (;f process parameters Liu G C. Immobilization of Pb?* in contaminated waters and soils
on produrtmn of biochar from biomass waste through pyrolysis: a by biohcars[ D]. Qingdao: Ocean University of China, 2014.
relview[]]. Renewable and Sustainable Energy Reviews, 2016, [20] Suliman W, Harsh J B, Abu-Lail N I, et al. The role of biochar
55. 467-481. porosity and surface functionality in augmenting hydrologic

[ 5] Choppala G, Bolan N, Kunhikrishnan A, et al. Differential properties of a sandy soil[ J]. Science of the Total Environment,
effect of biochar upon reduction-induced mobility and 2017, 574 139-147.
bioavailability of arsenate and chromate [ J]. Chemosphere, [21] Qian L B, Chen M F, Chen B L. Competitive adsorption of
2016, 144 . 374-381. cadmium and aluminum onto fresh and oxidized biochars during

[6] Tan XF, Liu Y G, Zeng G M, et al. Application of biochar for aging processes[ J]. Journal of Soils and Sediments, 2015, 15
the removal of pollutants from aqueous solutions [ J ]. (5): 1130-1138.

Chemosphere, 2015, 125 70-85. [22] Qian L B, Zhang W Y, Yan J C, et al. Effective removal of

[ 7] Chen Z M, Xiao X, Chen B L, et al. Quantification of chemical heavy metal by biochar colloids under different pyrolysis
states, dissociation constants and contents of oxygen-containing temperatures [ J ]. Bioresource Technology, 2016, 206 217-
groups on the surface of biochars produced at different 224.
temperatures[ J ]. Environmental Science & Technology, 2015, [23] WangZ Y, Cao J Q, Wang J. Pyrolytic characteristics of pine
49(1): 309-317. wood in a slowly heating and gas sweeping fixed-bed reactor[ J].

[ 8] Roberts D A, Paul N A, Dworjanyn S A, et al. Biochar from Journal of Analytical and Applied Pyrolysis, 2009, 84(2) . 179-
commercially cultivated seaweed for soil amelioration [ J J. 184.

Scientific Reports, 2015, 5. 9665. [24] Wang C H, Gu L F, Liu X Y, et al. Sorption behavior of

[9] Bird M I, Wurster C M, De Paula Silva P H, et al. Algal Cr( VI) on pineapple-peel-derived biochar and the influence of
biochar; effects and applications [ J]. Global Change Biology coexisting pyrene [ J ]. International Biodeterioration &
Bioenergy, 2012, 4(1); 61-69. Biodegradation, 2016, 111 . 78-84.

[10] Chen T, ZhouZ Y, Xu S, et al. Adsorption behavior comparison [25] Kloss S, Zehetner F, Dellantonio A, et al. Characterization of




9 1

WRA IR A R AR Y

S OGS Cor (V) 8 0 B 1 AR B ATL 1

3961

[26]

[27]

(28]

[29]

[30]

[31]

[32] ~Tyu H, Cong ¥ Y, Tang J, et al. lmmobilizatibn of'hehy};” met:éﬂ;-

'3

slow pyrolysis biochars: effects of feedstocks and pyrolysis
temperature on biochar properties[ J]. Journal of Environmental
Quality, 2012, 41(4) : 990-1000.

Ma C A, Xu C B, Shi M Q, et al.

tungsten carbides/porous bamboo charcoals supported Pt catalysts

The high performance of
for methanol electrooxidation [ J ]. Journal of Power Sources,
2013, 242 273-279.

FIEH, WA B R 2 AR O g
). dbmt: AE Tl AL, 2016.
Ahmed M B, Zhou J L, Ngo H H,

preparation and application of modified biochar for improved

SRIM]. (R =

et al. Progress in the
contaminant removal from water and wastewater[ J|. Bioresource
Technology, 2016, 214 836-851.

Lin SH, Hsu L' Y, Chou C S, et al. Carbonization process of
Moso bamboo ( Phyllostachys pubescens ) charcoal and its
governing thermodynamics[ J]. Journal of Analytical and Applied
Pyrolysis, 2014, 107 ; 9-16.

FEREF, XIE WK, Xing M, 5. AR A 9 5 xt
CA( ) PR R5 PR, SRR 2, 2014, 35(12) : 4735-
4744.

Wang Z Y, Liu G C, Xing M, Adsorption of Cd( 1)
varies with biochars derived at different pyrolysis temperatures
[J]. Environmental Science, 2014, 35(12) ; 4735-4744.

Dong X L, Ma L Q, Li Y C. Characteristics and meche,p&s}ns of

et al.

hexavalent chromium removal by biochar from sugar beet tailing
[J]. Journal of Hazardous Materials, 2011 190 (1-3): 909-
915. . L

J]

in ‘elegtrop'ldtmgn slidge by biochar and "1r0n S

g Envuonmem:al Science and Pollution Researcfl 2016 23-(1

| 14472- 14488

[33]

[34]

[35]

[36]

[37]

[40]

Han Y T, Cao X, Ouyang X. Adsorption kinetics of magnetic
biochar derived from peanut hull on removal of Cr ( VI) from
aqueous solution; effects of production conditions and particle
size[ J]. Chemosphere, 2016, 145 336-341.

Chen T, Zhang Y X, Wang H T,

et al. Influence of pyrolysis

temperature on characteristics and heavy metal adsorptive
performance of biochar derived from municipal sewage sludge
[J]. Bioresource Technology, 2014, 164 47-54.

Ahmadi M, Kouhgardi E, Ramavandi B. Physico-chemical study
of dew melon peel biochar for chromium attenuation from
simulated and actual wastewaters [ J |. Korean Journal of
Chemical Engineering, 2016, 33(9) . 2589-2601.

Zhang J S, Zheng P W. A preliminary investigation of the
mechanism of hexavalent chromium removal by corn-bran residue
and derived chars[ J]. RSC Advances, 2015, 5(23) . 17768-
17774.

Zhang M M, Liu Y G, LiT T,
magnetic biochar produced from Eichhornia crassipes for enhanced

RSC Advances,

et al. Chitosan modification of
sorption of Cr( VI) from aqueous solution[ J].
2015, 5(58) : 46955-46964.

Fu F L, Wang Q. Removal of heavy metal ions fromr delewaters
a review[ J4= Journal of Environmental Managemt:.nl‘f '20]1 92
(3): 407- 418, i

Zhou L, Liu Y G Liu SiB, et al. Investigation of lhe g,dsmptlon-
redu(‘tlon meéham%ms of hexavalent chromiuny by ramlf- blofhar%
of dlffenenl pyro]y{fc temperatures [ J . Bioresource Te.phnolggy R
2016, 218 351-3594, s
Ko}odynsf(a, D Krukowska ] Thomas P. Companson of sorpllon
and (lesorptlon studles-" of heavy metal ions from_biechar dnd e
cummerhla.l ctive carban [ J1.
2017, 30—

Chemical Engineering J(zurnal ;

:1353-363." s
'

-



HUANJING KEXUE Vol.38  No.9

Environmental Science ( monthly) Sep. 15, 2017

CONTENTS

Emission Characteristics of Vehicles from National Roads and Provincial Roads in China =««++«xessrerreenesmnmmnnimminninni, WANG Ren-jie, WANG Kun, ZHANG Fan, et al. (3553)
Impact of Gusty Northwesterly Winds on Biological Particles in Winter in Beijing ««+r«ssesrerrereeesenenssenenennenninnens YAN Wei-zhuo, WANG Bu-ying, Oscar Fajardo Montana, et al. (3361 )
Characteristics of Particulate Matter and Carbonaceous Species in Ambient Air at Different Air Quality Levels FANG Xiao-zhen, WU Lin, ZHANG Jing, et al. (3569)
Distribution and Health Risk Assessment of Heavy Metals in Atmospheric Particulate Matter and Dust -+ WANG Yong-xiao, CAO Hong-ying, DENG Ya-jia, et al. (3575)
Observational Study of Air Pollution Complex in Nanjing in June 2014 ++++xeserersererssrsensnetnsnntnnentnnnstie e HAO Jian-qi, GE Bao-zhu, WANG Zi-fa, et al. (3585)
Distribution Characteristics of Air Pollutants and Aerosol Chemical Components Under Different Weather Conditions in Jiaxing »+++++++++* WANG Hong-lei, SHEN Li-juan, TANG Qian, et al. (3594 )
Observations of Reactive Nitrogen and Sulfur Compounds During Haze Episodes Using a Denuder-based System «+:+eeeseereereeeseneneens TIAN Shi-li, LIU Xue-jun, PAN Yue-peng, e al. (3605)
Analysis of Anthropogenic Reactive Nitrogen Emissions and Its Features on a Prefecture-level City in Fujian Province -+ ZHANG Qian-hu, GAO Bing, HUANG Wei, et al. (3610)
Levels, Sources, and Health Risk Assessments of Heavy Metals in Indoor Dust in a College in the Pearl River Delta - CAI Yun-mei, HUANG Han-shu, REN Lu-lu, et al. (3620)
Influence of Noble Metal and Promoter Capacity in CDPF on Particulate Matter Emissions of Diesel Bus «++++s+sesseeseeeeee TAN Pi-giang, ZHONG Yi-mei, ZHENG Yuan-fei, et al. (3628)
Spatial Distribution, Source and Ecological Risk Assessment of Heavy Metals in the Coastal Sediments of Northern Dongying City *+++ LIU Qun-qun, MENG Fan-ping, WANG Fei-fei, et al. (3635)
Remote Sensing of Chlorophyll-a Concentrations in Lake Hongze Using Long Time Series MERIS Observations +««+«txesessessessesssenenennsencnennenes LIU Ge, LI Yun-mei, LU Heng, et al. (3645)
Analysis of Spatial Variability of Water Quality and Pollution Sources in Lihe River Watershed, Taihu Lake Basin LIAN Hui-shu, LIU Hong-bin, LI Xu-dong, et al. (3657)
Distribution of Different Phosphorus Species in Water and Sediments from Gaocun to Lijin Reaches of the Yellow River + ZHAO Tun, JIA Yan-xiang, JIANG Bing-qi, et al. (3666)
Characterization of Phosphorus Fractions in the Soil of Water-Level-Fluctuation Zone and Unflooded Bankside in Pengxi River, Three Gorges Reservoir «+«++sesreserrereersesenennensnnncninnnnees
.................................................................................................................................................................. HUANG Jun-jie, WANG Chao, FANG Bo, et al. (3673
Distribution of n-alkanes from Lake Wanghu Sediments in Relation to Environmental Changes «++++«+esseesessessenensnmnisininscnenns SHEN Bei-bei, WU Jing-lu, ZENG Hai-ao, et al. (3682
Hydrological Performance Assessment of Permeable Parking Lots in High Water Areag ««+eseereereeeeeenee JIN Jian-rong, LI Tian, WANG Sheng-si, et al. (3689

Analysis of the Characteristics of Groundwater Quality in a Typical Vegetable Field, Northern China YU Jing, YU Min-da, LAN Yan, et al. (3696

Composition, Evolution, and Complexation of Dissolved Organic Matter with Heavy Metals in Landfills =~ «+veeeeereerveresenenensincnenenes XIAO Xiao, HE Xiao-song, XI Bei-dou, et al. (3705
Correlations Between Substrate Structure and Microbial Community in Subsurface Flow Constructed Wetlands —««+sesseseersesseeseneneenees LI Zhen-ling, DING Yan-li, BAI Shao-yuan, et al. (3713
Impact of Tale Ore Mining on Periphyton Community Structure and Water Environment «-«+«ssesetseessessserennsimenenenninenenes ZANG Xiao-miao, ZHANG Yuan, LIN Jia-ning, et al. (3721
Physiological Characteristics and Nitrogen and Phosphorus Uptake of Myriophyllum aquaticum Under High Ammonium Conditions ~+++++++++ LIU Shao-bo, RAN Bin, ZENG Guan-jun, et al. (3731
Removal of Algal Organic Matter and Control of Disinfection By-products by Powder Activated Carhon =~ ««+sessereesreeserensennsncnennens MIAO Yu, ZHAT Hong-yan, YU Shan-shan, et al. (3738
Preparation and Ph? * Electrosorption Characteristics of Graphene Hydrogels Electrode «+++veeeveeevememsiiiin, WANG Yao, JI Qing-hua, LI Yong-feng, et al. (3747
Influence of Current Densities on Mineralization of Indole by BDD Electrode «««+-«sxessersersersssesnenmssnsnennmninininniessenien ZHANG Jia-wei, WANG Ting, ZHENG Tong, et al. (3755
Mechanism of Photochemical Degradation of MC-LR by Pyrite ++:ereeeeererenserssismeneniinininiii e ZHOU Wei, FANG Yan-fen, ZHANG Yu, et al. (

Enhanced Treatment of Printing and Dyeing Wastewater Using H,0,-Biochemical Method =~ ++++v+serereererrsrseerensensnneninssineinens YUE Xiu, TANG Jia-li, YU Guang-ping, et al. (3769
Effects of Influent C/N Ratios on Denitrifying Phosphorus Removal Performance Based on ABR-MBR Combined Process ++++«++++++-- WU Peng, CHENG Chao-yang, SHEN Yao-liang, et al. (3781
Start-up of a High Performance Nitrosation Reactor Through Continuous Growth of Aerobic Granular Sludge «+«+++«+veeeresesveerenees GAO Jun-jun, QIAN Fei-yue, WANG Jian-fang, et al. (3787
Activated Sludge Mineralization and Solutions in the Process of Zero-Valent Iron Autotrophic Denitrification ««+«ssesesssesresesessennseneens ZHANG Ning-bo, LI Xiang, HUANG Yong, et al. (3793

Analysis of Respirogram Characteristics of Filamentous Bulking Caused by Low Dissolved Oxygen MA Zhi-bo, LI Zhi-hua, YANG Cheng-jian, et al. (3801
++ LIU Guo-xin, WU Hai-zhen, SUN Sheng-li, et al. (3807

MENG Ting, YANG Hong (3816

Aerobic Degradation and Microbial Community Succession of Coking Wastewater with Municipal Sludge -

Rapid Culture, Microbial Community Structure, and Diversity of High-Efficiency Denitrifying Bacteria

Abundance of Cell-associated and Cell-free Antibiotic Resistance Genes in Two Wastewater Trealment Syslems «««+«ssessessessesessesnenessennes ZHANG Yan, CHEN Li-jun, XIE Hui, et al. (3823
Effect of Biochar on CH, and N,O Emissions from Lou Soil +++eteseeetseerseesesensinmenisiiniii s ZHOU Feng, XU Chen-yang, WANG Yue-ling, et al. (3831
Spatial Variability of C-to-N Ratio of Farmland Soil in Jiangxi Provinge «+:«+ssssssesessessessensetnenusnsininsnsininsss s JIANG Ye-feng, GUO Xi, SUN Kai, et al. (3840
Influence of Calcium Carbonate and Biochar Addition on Soil Nitrogen Retention in Acidified Vegetable Soil YU Ying-liang, YANG Lin-zhang, Alfred Oduor Odindo, et al. (3451
Comparison of Soil Hydraulic Characteristics Under the Conditions of Long-term Land Preparation and Natural Slope in Longtan Catchment of the Loess Hilly Region +:«+seseessesenessesseneenees
............................................................................................................................................................... FENG Tian-jiao, WEI Wei, CHEN Li-ding, et al. (3860)
Effects of Organic Carbon Content on the Residue and Migration of Polycyclic Aromatic Hydrocarbons in Soil Profiles ««+s«+ssssesererssersenssensnenmniniininsininnsi
......................................................................................................................................................... FEI Jia-jia, ZHANG Zhi-huan, WAN Tian-tian, et al. (3871)
Major Factors Influencing the Cd Content and Seasonal Dynamics in Different Land Cover Soils in a Typical Acid Rain Region + LIU Xiao-li, ZENG Zhao-xia, TIE Bai-qing, et al. (3882)
Application Potential and Assessment of Metallurgical Contaminated Soil After Remediation in Tongguan of Shaanxi +:«+esseeveesvereseesineens WANG Jiao, XIAO Ran, LI Rong-hua, ef al. (3888)
Effects and Mechanisms of In-situ Cement Solidification/Stabilization on a Pb-, Zn-, and Cd-Contaminated Site at Baiyin, China ~«++-+++++ LU Hao-yang, FEI Yang, WANG Ai-gin, et al. (3897)
Concentrations and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Soils and Vegetables influenced by Facility Cultivation — «+r+seresserersesesssennesinnncninnnens
.......................................................................................................................................................... JIN Xiao-pei, JIA Jin-pu, BI Chun-juan, et al. (3907)
Effects of Arbuscular Mycorthizal Fungi on the Growth and Uptake of La and Pb by Maize Grown in La and Ph-Contaminated Soil -+ CHANG Qing, GUO Wei, PAN Liang, et al. (3915)
Effects of Straw Incorporation on Cadmium Accumulation and Subcellular Distribution in Rice «+esstseesreerssesemenmsensninninnininnenne DUAN Gui-lan, WANG Fang, CEN Kuang, et al. (3927)
Redox Transformation of Arsenic and Antimony in Soils Mediated by Pantoea sp. IMH = weeeeeseesnesusssesineinnimiiiniiis e ZHANG Lin, LU Jin-suo (3937)
Adsorption Characteristics of Biochar on Heavy Metals (Ph and Zn) in Soil = +e+reseesereressremssnmnsinninnsisss e WANG Hong, XIA Wen, LU Ping, et al. (3944)
Characteristics of Enteromorpha prolifera Biochars and Their Adsorption Performance and Mechanisms for Cr( V) «eeseveesesesnenienenns CHEN You-yuan, HUI Hong-xia, LU Shuang, et al. (3953)
External Phosphorus Adsorption and Immobility with the Addition of Ignited Water Purification Sludge -+ YU Sheng-nan, LI Yong, LI Da-peng, et al. (3962)
Preparation of Adsorption Ceramsite Derived from Sludge Biochar LI Jie, PAN Lan-jia, YU Guang-wei, et al. (3970)

Construction of Graphitic Carbon Nitride-Bismuth Oxyiodide Layered Heterostructures and Their Photocatalytic Antibacterial Performance —+««+eereeseeressererenenenienensnininennsinnennen



	9fm.pdf
	9fm
	zwml


